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C H A P T E R - - I 
I N T R O D U C T I O N 
ELSCPRONIC SPECTRA OF DIATOMIC MOLECULES 
For q u a l i t a t i v e d e s c r i p t i o n of e l e c t r o n i c s tructure 
o£ diatomic molecule^ the molecular o r b i t a l s (MOs) approach 
i s used. This approach considers the two nucle i without t h e i r 
e l e c t r o n s , a d i s tance apart equal to the equilibrium i n t e r ^ 
nuclear d i s t a n c e . The bas i s o f construct ing the MOs i s the 
l i n e a r combination o f atomic o r b i t a l s method, in a region 
c l o s e to a nucleus/ the MO wave function re3en±>les dn Atomic 
Orbital (AD) wave function o f which the nucleus i s a par t . For 
e f f e c t i v e l i n e a r combinations •> 
( i ) The energies of the fOa must be conparable* 
( i i ) The ICB should over lap as much as p o s s i b l e , 
( i i i ) The ?ca must have the same symmetry propert ies 
with respect to c e r t a i n symmetry elements o f 
the* molecule. 
Every l i n e a r combination o f two i d e n t i c a l X)a g ives 
two MOs, one higher and the o t h e r lower i n energy than the 
A3S. Fig. ( 1 . 1 ) shows the MOs from I S , 2S and 2p ADa showing 
the ^proximate forms of the MO wave funct ions . 
EA-> a u 
Efc /' r 
2P> 
\ 
EA 
F i g . ( 1 . 1 ) 
Formation of MOs from ls« 2S and 2p ;y:>s are shown in 
Fig. ( 1 ,2 ) . The 'g' or 'u' subscripts represent synmetry or 
antisymmetry respectively to inversion through the centers of 
the molecule. The expected on^er of MO energies i s 
° g IS 470*13 <p"g 2S<<Iu*2S <<'g 2p<nu 2K'^g*2p<Tfe*2p ( i ) 
<cru2P 
In fact this order i s maintained only for O- ^^ F , 
For a l l the other fiz3t-row diatomic molecules og2S and og 2p 
interact because they are of same symmetry and push each other 
apart to such an extent that d'g2pis now above Au 2p giving 
the order «3t[ IS < ou IS < og 2S «ju*2S < nu2p < og2p < rrg*2p < ou*2i 
The electronic structure of any first-row diatomic 
2 
molecule can be obtained by feeding the available electrons 
into the MOs in order of increasing energy and by assuming 
that 7T orbitals are doubly degenerate and can accommodate four 
electrons each. 
Atomic 
orbital 
^iolecular 
orbital 
ZP2 O vy G^'<S)G>-<^+ )^ ^^p 
G>-C±^.0 0 3 2 P 
^Px, iPy 
H -^
H^ i 
JTa 2P 
^ 
OJ) 
-Ku^P 
C O 
2 S 
.©) y-
Y-
^«iy. < 3 )^2S 
t ; o-qis 
IS 
rr> < - ^ulS 
• -f- V ^ i s 
Fig. (1.2) 
Fortnation of MOs from 1S» 2S and 2p AGs. 
4 
The ground configuration of oxygen 
(<yg lS)^(cJU*ls)^(og 2S)^(<sS 2S)^(<rg 2p)^ 
(7Tu2p)* (7rg*2p)^ < i i ) 
i s c o n s i s t e n t with a double bond. S i n g l e t s t a t e s with the 
same conf igurat ion as in eqn ( i i ) wi th a n t i p a r a l l e l spins of 
the e l e c t r o n s in the TX^g^f o r b i t a l are higher in energy and 
3 
are l o w - l y i n g exci ted s t a t e s . 
In case o f hetronuclear diatomic molecules/ the molecu-
l a r o r b i t a l s resemble qui te c l o s e l y to those o f toiDonuclear 
d ia tomics . The 'g ' and 'u* subscr ipt s must be dropped as there 
i s no centre of invers ion , 
EliBCTRDWIC STATES OF DIATOMIC MOLECULES 
AS in p o l y e l e c t r o n i c atoms the o r b i t a l and spin motions 
of each e l ec tron create magnetic momeits which behave l i k e small 
bar magnets. The way in which the magnets in t erac t with each 
o ther represents the coupling between the motions of e l e c t r o n s . 
For a l l diatomic molecules the coupling approximation 
which b e s t descr ibes e l e c t r o n i c s t a t e s i s that which i s analogous 
<) 
to the Rusa el-Saunders approximation. I f there i s no highly 
charged nucleus in the molecule/ the sp in-orb i t coupling 
betweoi L and S i s s u f f i c i « i t l y weak that* instead of being 
coupled' to each o the r , they couple to the e l e c t r o s t a t i c f ie ld 
produced by the two nuclear charges. This s i t ua t i on i s shown 
in Fig. (1.3) and i s cal led Hand's case ( a ) . 
Fi-q.(1.3) 
iiind's case (a) i s the roost cooinonly observed case . 
When there is a t l e a s t one highly charged nucleus in the mole 
cu l e , spin-oriait coupling may be qu i te l a rge . Under t h i s 
condit ion L and s couple to give J and J couples to the in te r -
nuclear ax i s . This couTsling i s cal led Hindu's case (c) and 
i s given in f ig . ( 1 . 4 ) . 
Fig. (1.4) 
In f i g . ( 1 , 3 ) , the quantum numbers X*^ ax)d S\ represent 
the e lec t ron ic s t a t e s of diatomic molecules. For diatomic 
molecules, the quantum number 7v , s and JX are not qu i te s u f f i -
c i en t . We also use one (for heteronuclear) or two (for homo-
nuclear) symmetry propertieB of e lec t ron ic wave function ' ^ . 
The f i r s t i s the ' g ' o r 'u* symnetry property which 
indica tes that ^ i s synmetric o r antisymmetric respec t ive ly . 
This proper ty requi res a cent re of inversion and the s t a t e s 
are labe l led ' g ' o r ' u ' . 
The second symmetry proper ty appl ies to a l l diatomic 
molecules which means the symmetry of ^ with respect to 
re f lec t ion across any ( fiQ-) p lane containing in te r -nuc lea r 
- • a x i s . I f v|^  i s symmetric to th i s r e f l ec t ion , the s t a t e 
i s label led + and i f antisymmetric the s t a t e i s label led by -
2 + 2 -
as in "51 g on 'z : g. This symbolism i s normally used only for 2. 
s t a t e s . 
To explain various types of i n t e n s i t y d i s t r i bu t i on 
found in vlbronlc t r a n s i t i o n s , the Franck - Cbndon p r i n c i p l e 
i s used. The p r i n c i p l e i s based on the fac t that an e lec t ron ic 
t r ans i t ion in a molecule takes p lace so rapidly than a v ib ra t iona l 
7 
transit!en that in a vibronic t rans i t ion, the nuclei have 
very nearly the same position and velocity before and af ter 
4 
the t ransi t ion. 
o 
ELECTRONIC SPECTRA OF POLYATOMIC MOLECULES 
Polyatomic molecules cover a wide range of different 
types of molecule. The molecules of the general type AH-/ 
where A i s a first-row element, formaldehyde iHJX)) * benzene 
and some regular tetrahedral transition metal conplexefi are 
being taken. In describing the orbitala and electronic s tates 
5 
of non-linear polyatomic molecules« the syraoetry arguments are 
used. But in case of l inear polyatomic molecules, in describing 
the electronic and associated rotation select ion rules, the 
symmetry arguments are large ly avoided. 
AH. molecules may have two possible extreme geometries, 
l inear , belonging to both point group, or bent with an angle 
of 80°, belonging to C^^ point group. The way in which the 
MOs are formed i s indicated on the right-hand-aide of f i g . (1 .4 ) 
The requirements for formation of MOs are the same as for a 
diatomic molecule. 
The IS-lS orbital shown in f i g . ( 1 . 5 ) , combines with 
the 2p^ AO on A to fozrn the lou and 2ou MOs which are bonding 
and anti-bonding respectively. The MOs in order of increasing 
9 
energy can be arranged by using the principle that a decrease 
in S character or an increase in the number of modes in an MO 
increases the energy. 
tg2b 
Z 
r 
3c^QQl) 
H / H^ 
•y 
so ^HAH^18o HAH-
Fig.(1.4) 
MO diagram for AH Molecule 
->z 
ou* 
Fig. (1.5) 
0 
The MO diagram shown in Fig. (1.4) has been derived by 
using a number of approximations. 
11 
INSTRUMENTATION 
GENERAL: 
The spectrometers used now-a-days are based on that of 
6 
tvo-beam Interferometer. The two beam interferometer i s a 
d e v i c e that csa d iv ide a beam of rad iat ion in to two paths and 
th^i recoroblne the two beams a f t e r a p a t h - d i f f e r « i c e has been 
introduced. Thus, a condit ion i s created under which i n t e r -
ference between the beams can occur. The i n t e n s i t y var iat ions 
of the beam anerging from the interferometer can be measured as 
7 
a function o f path d i f f erence by a d e t e c t o r . 
The s i n p l e s t form of the interferometer i s shown in 
f i g . ( 1 . 6 ) . Between the f ixed mirror and the movable mirror 
i s a beam s p l i t t e r , where the in ter ference takes u l a c e . The 
v a r i a t i o n in the i n t e n s i t y of the beams pass ing to the detector 
and returning to the source as a function of the path-di f ference 
y i e l d s the spectra l information. 
Fixed Mirror 
F i g . ( 1 . 6 ) 
^—< 
Source 
/ Beamsplitter 
/ 
/ 
/ 
/ 
Detector 
Movable 
Mirror 
M 
-> 
Direct ion 
o f motion 
i : 
The rapid scanning Interferometers designed for higher 
reso lu t ion uses the method of coherentaly s ignal averaging. 
This method involves the use^of a second (reference) i n t e r f e r o -
meter, when monochromatic l i g h t i s passed through this reference 
in terferometer to a detector^ a sintasoldal s ignal i s measured. 
Por the q u a l i t a t i v e analysis of conponents, i t may be 
de s i r ab l e to el iminate a l l bands due to r e s t of mixture. For 
8 
so lu t ion spectra , the reference c e l l usua l ly contains the same 
solvent as found in the sanple c e l l and c e l l s are matched for 
o p t i c a l th ickness . In this way/ solvent bands are conpensated/ 
and only the absorption bands of so lu t e are measured. Sanplee 
in gas pl^ae can be handled in a s imi l a r way as l i q u i d s . 
Cbnputerized spec t ra l subt rac t ion permits ^n i n t ^ f e r e i t 
o r i n t e r f e r en t s to be removed without a reference of p rec i se ly 
the same op t i ca l th ickness . Usually two-single beam spectra 
a re collected^ one of the sanple of i n t e r e s t and the other of 
the pure solvent whose spectrum i s to be conpenaated. This 
method i s known as scaled dbs^rbance sub t rac t ion . 
The scaled absorbance subt rac t ion method i s used in 
confirmation of the i d e n t i t y of a sanple . I f a reference 
13 
spectrum i s subtractecl from a sanple spectrum and the d i f f erence 
i s zero« i t i s c l e a r that the two spectra are of the same 
oonpound. This method can a l s o be used to remove i n p u r i t i e s / 
so lvent s or major coupon en ts« The principal use of sca led 
absorbance subtract ion is^^the i d e n t i f i c a t i o n of molecular 
changes, in t h i s case / a spectrum of sanple i s measured, and 
the sanple i s subjected to a reaction« then a spectrum of the 
sanple i s again measured, A d i f f erence spectrum w i l l ind ica te 
any molecular changes as any constant features w i l l be removed 
by the subtraction opera t ion . New bands appear as p o s i t i v e 
absorbances/ and bands that have been removed appear as nega-
t i v e absorbances. Scal&3 absorbance subtract ico can not be 
used i f absorbances are too high. 
The pr inc ipa l uses o f scaled absorbance spec tra l sub-
tract ion i s shown in f i g ( 1 . 7 ) 
Spectrum 
unknown 
3uantitati 
determina-
tion 
^tolecular 
-hanges 
Flq> ( 1 . 7 ) 
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SPECTROPHOTOMETER 2800 
Optical Syatem; This Instrument on which the spectra have 
been recorded measures the absorption of a sanple in the ultra-
v i o l e t / v i s i b l e / n e a r infrared region from 200 to 1100 nm wave-
l eng th to make q u a n t i t a t i v e a n a l y s i s . I t can a l s o measure the 
absorption spectrum^ as a matter of course. The I n t e n s i t y 
var ia t ions can be measured up to second p lace of decimal . 
Fig ( 1 . 8 ) shows the o p t i c a l system of t h i s instrument. 
I t uses a.deutirium lanp in the u l t r a v i o l e t region (200-300 nm) 
and a tungeston i o d i n e lanp in the v i s ib le - to-^iear- infrared 
region (340 to 1100 nm) as the l i g h t source. The l i g h t from the 
source* a f t e r pass ing through a high order l i g h t c u t - o f f - f i l t e r 
goes to the monochromator that uses a concave d i f f r a c t i o n grat ing. 
The l i g h t i s monochromated by the monochromator and i s s p l i t 
in to two beams by the beam s p l i t t e r . One o f the beams passes 
through the sample and the other through the reference such as 
a s o l v e n t and i s i n c i d e n t on the s i l i c o n p h o t o c e l l de t ec tor . 
Ml Wl :Tungsten iodine lamp 
D2 :Deuterium lamp 
Ml to M4: Mirror 
F . -Fi l ter 
S1,S2: S l i t 
G :Cbncave d i f f r a c -
t ion grating 
BS :Beam s p l i t t e r 
D :Detector 
Fig . ( 1 .8 ) 
1.1 
Fig ( 1 . 9 ) shows the b l o c k diagram of t h i s system. After 
t h e l i g h t s i g n a l i s converted i n t o an e l e c t r i c a l s i g n a l by t h e 
d e t e c t o r and i s ampl i f i ed , i t i s sub jec ted t o Analog to D i g i t a l 
conve r s ion . The d a t a thus conver ted i s subjec ted to nece s sa ry 
p r o c e s s i n g by a microconputer and is d i sp layed on the CRT Screen 
o r recorded as d i g i t a l da ta o r spectrum d a t a . 
The changeover of t h e l i g h t s o u r c e , wavelength d r i v e 
and the f i l t e r e t c . I s c o n t r o l l e d by the microconputer . 
wi 
F SI 
H 
F i l t e r 
con t r o l 
L igh t 
s o u r c e 
con t r o l 
Light 
sou rce 
exchange 
G S2 
nO fj 0 
Power 
supply 
Q 
••^avelengthi 
con t r o l 
Main 
I / F 
Ampl i f ie r 
and 
A/D conve r t e i ' 
Main 
Board 
Panel 
I / F 
F ig . ( 1 . 9 ) 
!G 
ELECTRONIC SPECTRA OF OOMPLEX IONS 
Transit ion metal atoms are d i s t inguished from other 
atoms by t h e i r having p a r t i a l l y f i l l e d 3d, 4d o r 5d o r b i t a l s . 
Present ly only the metals V, Cb, Ni and Cu, in which the 3d 
o r b i t a l i s involved have been used. Transit ion metals readi ly 
form conplexes such as Ni (Oo)^/ n i c k l e tetracarbonyl and 
( C u d . f / the copjper t e t rach lor ide Ion , Molecular o r b i t a l 
theory applied to such spec i e s has tended to be developed 
indep^idently . Because/ of th i s the terms ' c rys ta l f i e ld theory' 
and ' l igand f i e ld theory* have ar i sen which t«id to d i s g u i s e 
9 
the fact that they are both aspects o f MO theory. The word 
l igand has arisen because the type o f bonding in conelexes t&ids 
to be d i f f e ren t from that I n ^ s l o p l e molecule. 
Ligands in t rans i t ion metal conelexes are usua l ly 
arranged in a highly symnetrical way such as s i x l igands take 
4-
up an octahedral configuration a^in (Fe (0^)5) / and four 
l igands a tetrahedral as in Ni(Cb).# o r a square planar c o n f i -
guration as. in (CUC1.)^~ i s shown in f i g 1.10(a) and 1 .10(b) . 
r N - 4 -
N II C 
(a) 
II 
O / 
c 
o 
Fig. ( 1 .10 ) 
(b) 
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loo 
(a) 
o 
loo 
(b) 
o 
lOO 
(c) 
Co(en) 3+ 
0.005M Co(en) 
(CIO.),in water 4 J 
cis-Co(en)^F^ 
2 2 
in water 
trans-OoCen)-^-, 
in water 
lO/OOO 15,0OO 20,000 25/000 
- 1 
cm 
30/000 35/000 
Fig. ( I ' l l ) - The absorption spect ra of some ethylene-
diamine cobaltous complexes in aqueous 
so lu t ion , 
(a) With s i x equivalent ligand atoms and (b & c) 
with inequivalent ligand atoms. 
^B2g 
Tetragonal ligand field cortponeit k}? 
Cubic 
f ie ld 
terms 
Symmetry 
terms 
Fig. (I'lQ)- The s p l i t t i n g of the T^g terms of 
the d^ configuration with so in -pa i r ing . 
The symmetry i s reduced from Oh to D4h 
by s t rengthening of the magnitude of the 
ligand field along the C4 ax i s . 
IS 
In t ransi tLco metal conplexes the higher energy occupied 
MOs can be regarded as perturbed d o r b i t a l of the metal atom. 
In an octahedral ooaplex/ i f the per turbat ion i s weak, the 
l igands can be t reated as point charges a t the comers of a 
regular octahedron. 
Electronic t r ans i t i ons - Both ground and excited electron 
configuration of metal cotiplexes often give r i s e to q u i t e 
cocrplex manifolds of s t a t e s . All the higher energy o r b i t a l s 
which may be occupied, in regular octahedral coirplexes, are t zg 
or ®g/ whether c rys t a l f ie ld or ligand f ie ld approach i s used. 
Transi t ion metal coimlexes do absorb in the v i s i b l e region, 
giving them a c h a r a c t e r i s t i c colour. But i f the t r ans i t ions 
are forbidden, the in t e rac t ion may occur between the motion of 
e lec t rons and v ib ra t i ona l motions so that some vibronic t r a n s i -
t ions a re allowed. 
(a) The Spectra of d i s to r t ed Octahedral Gonplexes; 
The low symnetry ligand f ield coct^ponent present in a 
oonplex is so small conpared to the main cubic f ie ld tha t i t 
may be considered as a per turbat ion on the main f i e ld . Cbnplexes 
in which there a re s i x equivalent l igands , bu t in which these 
l:} 
Uganda are not. exact ly a t the v e r t i c ^ of a regular oc ta -
hedron p r in which the ligands are not equivalent , come in to 
t h i s c l a s s . 
In Fig (1 .11) / the absorption spect ra of some 
e thyl ad lamine cobaltous complexes in aquous so lu t i on , are 
shown. I t i s obvious from f igure 1.11 tha t there i s not only 
the s h i f t of both bands to lower e iergy, but a lso the in t ens i ty 
i s lower because of the replacement of i&i) by the unpolarizable 
F~ion. There is not only the super f ic ia l d i s s i m i l a r i t y In the 
spectrum of t r ans - ion , bu t , i t i s a l so based upon CbCen}^* 
The dif ference between the spectra of two Ooi&a)^^. 
ions i s because of the low symmetry ligand f ield cotrponent 
which i s considerably l a rge r in the t r ans - ion . The effect of 
ligand field conponent of low symmetry on the Tj^  and T . 
terms shows tha t the T- term i s lower lying which i s 
^^ 1 
expected to be more effected. The s p l i t t i n g of the T- and 
T terms of the d configuration with sp in-p* i r ing i s 
shown in F ig . (1 .12 ) . I t i s assumed that the low symmetry 
oonponent i s introduced by the reduction of synmetty of the 
molecule from Oh to D.h. A s imi l a r diagram may be drawn for 
the c i s - ion where the sytimetry i s C- . The sign of ligand 
20 
f ie ld coir5>onent, in th i s case* ia opposi te to the sign for 
the trans-ion# so that the terms s p l i t in opposite manner. 
I f we use the ru le of average environment* which s t a t e s 
that^ for a s e t of mixed ligands^ the cubic f ie ld magnitude 
i s the weighted of the cubic ligand f i e lds associated with 
each of the conplete se t s of ligand sepa ra te ly . The para-
meter for an octahedral complex of the form MAnB^ g^ ^^ j^ i s 
given by 
10Dg= rn l ^ (MA6) -^  ^^-*»^ 1^(MB6)] ^^ 
If we apply the ru le of average ©ivironment to the 
ions OoCen)^^ ^^ produces 
CTtt 
lODq = (4 X 23/0OO + 2 X 13,C»0)/6 
= 20/000 cm 
This f igure i s in agreement with the experimental 
r e s u l t , 21/000 cm" . This ru le can a lso be used to p red ic t 
the Value of lODq for mixed ligand coirplexes. Cb(H20)g 
and Oo(H20)^Cl spectra have the t r a n s i t i o n s assigned as 
fol lows^° '^ l 
2+ 
21 
S ( S - (F) 8 - 9000 on"^ 
^E f 11,000 cm" 
9 
A^ i 16 - 18,000 on"^ 
*T, (P) ^— 20 - 21,000 cm"^ 
i g 
(b) Spectra of te trabedral c»inplexe3 : 
TetraheSral conplexes are only known for a few of the 
ions o f the f i r s t t r a n s i t i o n s e r i e s . The i n t e n s i t i e s of bands 
in tetrahedral conplexes are high because of d-p mixing. The 
magnitude of ligand f i e l d parameter i s lower than that of 
octahedral coirpounds. The va lue of lODq for a s e t of four 
l igand atoms disposed t e t r a h e d r a l l y around a given metal ion 
i s about - 4/9 of i t s va lue for the same l igands as a s e t of 
s i x with octahedral syinnetry about the same metal i o n . 
( c ) Charge transfer spec tra ; 
Charge transfer spec tra invo lve a red i s t r ibut ion of 
e lec tron d e n s i t y within a molecule/ so that they have been 
a l s o referred to as redox s p e c t r a . The ex i s t ence of charge 
I O 
t r ans fe r bands i s connected with the electron donating and 
accepting p roper t i e s of the l igand groups and the metal ions. 
The metal ions and ligand groups can be c l a s s i f i ed according 
to t h e i r oxidis ing power and reducing power respec t ive ly . 
Such se r ies a re 
Rh^-^> Ru^% Ca^-'> O s ^ > P e ' % R u ' % Pd "^^  > Re^^ 
^ os^-^^ Pd^-^^ Pt^-^^ Rh'-^> P t2*> Ti^-^^Tr'-^ 
and I > Br > CI > F 
The ru le i s , the g rea te r the oxidis ing power of the 
metal ion and the reducing power of the ligand group, the 
lower the energy a t which change t rans fe r bands appear. 
I t i s probable t h a t the charge t rans fe r bands a r i s e 
from the exc i ta t ion of an e lect ron in the ligand field 71 
o r b i t a l s to metal o r b i t a l s . The weak and s t rong bands may 
be respect ive ly the t r a n s i t i o n s . 
4 < " " and e^ i n ' ' 
2g g 
23 
^ 
. CHOH . COOH 
H 
CH, - C - OOOH 
OH 
L a c t i c a c i d 
H 
COOH 
C - OH 
OH - C - H 
OOOH 
T a r t a r i c ac id 
OH 
^ OOOH 
S a l y c i l i c ac id 
Fig^' s t r u c t u r e of the HyJroxycarboxyl ic 
ac ids takea as l i g a n d s . 
During the formatloa o£ oonplex molecule a cent ra l 
ion gets associated with a number of attached ligands 
forming a coordination c l u s t e r . In the sol id s t a t e the 
coordination c lu s t e r s pack themselves in to a l a t t i c e and 
thus the e lectron of the cen t ra l ion a re subject to a poten-
t i a l from the ligand atom. Any change in the llgand ©iviion-
ment of a given ion o r atom i s noted by a corresponding 
change in spec t ra l and magnetic proper t ies of the ligand 
atom or ion. 
The aim of the presen t work i s to study the e lec t ronic 
spec t ra of the conplexes of t r ans i t i on metal ions copper(II)« 
Nickle ( I I , Cobalt ( I I ) and Vanadyl (VO) "*" with hydroxycarbo-
x y l i c acids l i k e l a c t i c , s a l y c i l i c and t a r t r i c acid in non-
aqueous media in the presence of t r ie thylamine. The presence 
of t r ie thylamine in d i f f e r en t concentrations has be^i used 
and var ia t ion in i n t e n s i t i e s of the bands indicates the 
formation of coaplexea in d i f f e r e n t degrees . The e lec t ronic 
absorption spectra of t r ans i t i on metal ions with carboxylic 
acid in aqueous solut ion has been done by a l a rge number of 
workers but very l i t t l e information i s ava i lab le on the 
s imi l a r spectra in non-aqueous media. In the present work 
the spectra have been recorded in a lcohol ic so lu t ion . The 
25 
position of absorption bands Is In consonance with the 
electronic spectra of similar conplexes by ear l ier workers. 
The analysis of the spectra le<3 bo the assignment of 
various electronic transit ions taking place in the conplexee 
and i t s syninetry on the basis of transitions were predicted. 
The bonding is taking basically through carboxyllc group 
af ter deo-rotonation. 
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C H A P T E R - I I 
2+ , ELECTRONIC SPECTRA OF THE COMPLEXES OF VO (VANADYL 
ION) I^TH HYDROXY CARBOXajC ACIDS 
I n t r o d u c t i o n : 
3 
Vanadium ( I I ) ion has e l e c t r o n i c s t r u c t u r e ( 3 d ) . 
4 4 
The q u a r t e t terms a r e F and p . in a cubic c r y s t a l f i e l d 
the v a r i o u s l e v e l s t h a t a r i s e * can be seen i n F i g . 2 . 1 . 
4 X ' ^ -> . ^t2g)^eg) 
^F x-^  
- ' 4 4 • > 
4- ^2g ^2g ,,^'-' 
" ^ 4 4 3 
•^g -^g ( t2g) 
F i q . 2 . 1 
The a b s o r p t i o n spectrum of v i o l e t ion V(H20)^ have 
1 2 
be^ i s t u d i e d by Holm^ and McClure/ Jo rgensen and Burne t t 
3 
and HDlmes. Holmes and McClure showed t h a t t h e p rev ious 
4 
i n t e r p r e t a t i o n of t h e spectrum by Owen based upon o l d e r 
measurements was wrong. He observed two bands a t 11,800 cm" 
and 17,500 cm". Taking t h e f i r s t band to r e p r e s e n t the t r a n -
4 4 - 1 
s i t i o n A2g ^T2g we g e t , lODq a 11,800 cm . The t r a n s i t i o n 
2^ 
^A2g-^ ^TitF) i s then c a l c u l a t e d to occur a t 18,000 cm 
4 4 
The t r a n s i t i o n A2g > Tig (F) i s expected to occur a t 
28,500 cm" . Study of t h e c r y s t a l VSO4.7H2O shows, however, 
t h a t fo r t h i s system Dq = 1200 cm" . The t h i r d band 
4 4 —1 
A2g — ^ Tig (p) was observed a t 27,800 cm . E l ec t ron i c 
absorpticxi s p e c t r a of some oxovandf3ium compounds has been 
recorded by C o l l i s i o n e t a l . In s o l i d s t a t e i n the range 
5,000 - 30,000 cm" , two- th ree bands were recorded . E l e c t r o n i c 
s t r u c t u r e of oxovanadium (IV) cocplexes p o s s e s s i n g C^ 
6 
symnetry have been observed by S t o k l o s a e t a l and 2-3 bands 
were observed a t about 13 ,000 , 16,000 and 18,000 cm" . The 
c r y s t a l f i e ld model has been used to i n t e r p r e t t he s p e c t r a l 
p r o p e r t i e s of t h e s e conp lexes . A eotiparison between observed 
and coirputed d-d e l e c t r o n i c t r a n s i t i o n ene rg i e s i s presented 
7 2+ 
by J . D e e t h fo r VO complexes and c a l c u l a t e d assignments 
a r e in agreement w i th exper iment , A t h e o r e t i c a l s t u d y of 
2+ 
e l e c t r o n i c d-d spectrum of VO ion in v a r i o u s s o l v e n t s has 
8 been done by Amoros e t a l . 
EXPITRIMPTTAL DETAILS; 
2+ The complexes of VO have been prepared by mixing 
vanadyl s u l p h a t e in a l coho l in p r e s e n c e of d i f f e r e n t acids 
( L a c t i c , T a r t a r i c and S a l y c i l l c ) such t h a t the molar r a t i o 
2:} 
of s a l t t o acid was 1:1 and 1x2. The s o l u t i o n s were d iv ided 
and kep t i n t o four d i f f e r e n t c o n t a i n e r s each. Now t r l e t h y l a m i n e 
was added to t h e s e s o l u t i o n s such t h a t t he molar r a t i o of 
s a l t : a c i d : t r l e t h y l a m i n e was 1 : 1 : 1 , 1 :1 :2 , 1:1:3 and 1:1:4 
in t h e f i r s t case and 1 : 2 : 1 , 1 : 2 : 2 , 1:2:3 and 1:2:4 in the 
second c a s e . All chemicals were of Analar R grade , in a l l 
t h e cases a d d i t i o n of t r l e t h y l a m i n e d id no t cause any p r e c i -
p i t a t i o n and the s o l u t i o n s formed were c l e a r . 
The e l e c t r o n i c s p e c t r a of s a l t i n a lcohol and of the 
s a l t and acid in a lcohol were recorded f i r s t . The s p e c t r a 
of the complexes in s o l u t i o n ( i n the p re sence of t r l e t h y l a m i n e ) 
were recorded l a t e r on . Al l t h e s p e c t r a were recorded on 
CIBA CORNING 2800 U . v . , v i s i b l e spec t ropho tomete r i n the 
range 3500 - 9000 A*. The absorbance s c a l e was var ied from 
s o l u t i o n to s o l u t i o n accord ing to the need. 
Ray diagram of the double beam U.V, , v i s i b l e s p e c t r o -
photometer i s shown in F ig , 1.8. 
RESULTS AND DISCUSSION: 
The e l e c t r o n i c s p e c t r a have been recorded in s o l u t i o n 
us ing v a r i o u s n o l a r r a t i o s of vanadyl s u l p h a t e and l a c t i c a c i d . 
:^o 
t a r t a r i c acid and s a l y c i l i c ac id . The preaeice of t r i e t h y l -
amine gives a pecu l ia r colour to the so lu t ion . The function 
of triethylaraine i s to n e u t r a l i z e the protons that a r e 
l ibe ra ted a f te r the formation of coBplex. 
Spectra of Vanadyl Lacta te : 
The absorption spectrum of vanadyl sulphate in alcohol 
gives a band a t 770 nm with i n t e n s i t y 2.30 ( F i g , 2 . 1 ) . when 
l a c t i c acid i s added to the so lu t ion the band changes i t s 
pos i t ion to 750 nm with i n t e n s i t y 1.32 ( F i g . 2 . 2 ) . Addition 
of t r ie thlamine in d i f f e r e n t molar r a t i o (n = 1,2/3 and 4) 
in solution gives r i s e to three absorption bands a t 545 nm, 
600 nm and 775 nm.(Fig .2 .3) . The spec t ra l changes in going 
from vanadyl sulphate in alcohol to vanadyl su lphate , l a c t i c 
acid in alcohol and then to vanadyl su lphate , l a c t i c acid 
and tr iethylamine in alcohol a re c l e a r l y v i s i b l e . The 
appearance of addi t ional bands a t 545 nm and 600 nm i s i n d i -
ca t i ve of the coir|)lex formation in so lu t ion . The band a t 
5 45 nm appears only when the concentration of t r iethylamine 
i s 2,3 and 4, ind ica t ing tha t conplex formation i s conplete 
a t and above the molar r a t i o 1:1:2. The i n t e n s i t y of bands 
a t 545 nm and 600 nm i s maximum for the .molar r a t i o n = 3 
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of t r ie thylamine and decreases when the molar r a t i o of t r i -
ethylamine i s increased to 1:1:4. Thus t r ie thylamine ionises 
the one proton of carbeucyl group. 
The absorption band of the solut ion with vanadyl 
sulphate and l a c t i c acid in the molar r a t i o 1:2 with varying 
molar s t reng th of t r ie thylamine are given in F ig .2 .4 , The 
conplex formation of vanadyl l a c t a t e again takes p lace a t 
1:2:2 molar r a t i o and above. The i n t e n s i t y of absorption 
bands i s maximum a t 1:2:4 r a t i o as expected. Only two peaks 
a t 525 apA 600 nm have been observed. The in t ens i ty of bands 
i s l e s s as conpared to 1:1 so lu t ion of s a l t and acid probably 
because of a decreased r a t i o of t r ie thylamine. The band 
pos i t i ons / and t h e i r i n t e n s i t i e s are givei in Table 2 . 1 . 
Spectra of Vanadyl S a l y c i l a t e : 
The absorption spectrum of vanadyl sulphate in alcohol 
gives a band a t 770 nm with i n t « i s i t y 2.30 ( P i g , 2 . 1 ) . When 
s a l y c i l i c acid is added to the solution* the band appears a t 
770 nm with a d i f f e ren t i n t e n s i t y (P ig .2 .5 ) . Addition of 
t r ie thylamine in d i f f e ren t molar r a t ios (n = 1/2,3 & 4) in 
the solut ion gives r i s e to two absorption bands a t 720 and 
575 nm ( F i g , 2 . 6 ) , The spec t r a l changes in going from vanadyl 
3 
3 . 0 
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0 . 0 
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Absorbance Spectra of voso^ 
with s g l y c i n e acid In 
a lcohol ic medium. 
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sulphate In alcohol to vanadyl sulphate and s a l y c i l i c acid 
in alcohol and thoi to vanadyl sulphate^ s a l i c i l i c acid and 
t r ie th lamine in alcohol are c l e a r l y v i s i b l e . The appearance 
of bands a t 575 and 720 nm i s i nd i ca t i ve of the complex 
formation in so lu t ion . The sharpness of bands a t 575 nm 
increases only when the concentration of tr iethylamine is 
2,3 and 4. The i n t e n s i t y of the band a t 720 nro i s maxinum 
for the molar r a t i o n = 2 of t r ie thylamine showing maxiroum 
formation of the conplex vanadyl s a l y c i l a t e . Thus t r i e t h y l -
amine ion ises the proton of the carboxyl group. 
The absorption bands of the solut ion with vanadyl 
sulphate and s a l y c i l i c acid in the molar r a t i o 1:2 with 
varying molar s t r eng th of t r ie thylamine are given in Fig .2 .7 . 
The complex formation of vanadyl s a l y c i l a t e again takes place 
a t 1:2:2 molar r a t i o and above. The i n t e n s i t y of bands i s 
maximum a t n a 4. Only two keaks a t 570 and 710 nm have 
been observed. The band p o s i t i o n s , and t h e i r i n t e n s i t i e s are 
given in Table 2 .2 . 
Spectra of Vanadyl Ta r t a r a t e : 
The absorption spectrum of vanadyl sulphate in alcohol 
gives a band a t 770 nm with i n t e n s i t y 2.30 (F ig .2 .1 ) . When 
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t a r t a r i c acid i s added to the so lu t ion , the band again appears 
a t 770 nm with a d i f f e ren t i n t e i s i t y (F ig .2 .8 ) , Addition 
of t r ie thylamine in d i f f e ren t molar r a t i o (n = 1/2/2 and 4) 
in solut ion gives r i s e to three absorption bands a t 530/ 590 
and 870 nm ( F i g , 2 . 9 ) . The spec t r a l changes in going from 
vanadyl sulphate in alcohol to vanadyl sulphate and t a r t a r i c 
acid in alcohol and then to vanadyl sulphate* t a r t a r i c acid 
and t r ie thylamine in alcohol a re c l ea r l y v i s i b l e . The 
appearance of bands a t 530 and 870 nm i s ind ica t ive of the 
complex fotmation in so lu t ion . The bands a t 530 and 870 nm 
appears only when the concentration of tr iethylamine i s 3 and 
4 ind ica t ing that complex formation i s complete a t and above 
1:1:3, The i n t e n s i t y of bands a t 530 and 870 nm i s maximum 
for the molar r a t i o n = 4 of t r ie thylamine showing the maxi-
mum formation of the conplex vanadyl t a r t a r a t e . In th i s case 
t r ie thylamine has ionised the two protons of the carboxyl 
groups ava i lab le with t a r t a r i c acid and formed the conplex. 
The absorption bands of the solut ion with vanadyl 
sulphate and t a r t a r i c acid in the molar r a t i o 1:2 with 
varying molar s t rength of t r ie thylamine are given in Pig. 2.10. 
The con5)lex formation of vanadyl t a r t a r a t e again takes place 
a t 1:2:2 molar r a t i o and above, only two peaks a t 760 and 
/ n 
to 
580 nm have been observed . The I n t e n s i t y of band i s maxtrnum 
a t n = 2. The i n t e n s i t i e s of bands i s l e s s as conpared to 
1;1 r a t i o of ac id and t r i e thy l amine. 
The band p o s i t i o n s / and t h e i r i n t ^ s i t i e s a r e given 
in Table 2 . 3 . 
The va lue s of l igand f i e ld pa ramete r c a l c u l a t e d for 
t h r e e cotiplexes a r e : 
Vanadyl l a c t a t e 12,903 cm" 
Vanadyl s a l y c i l a t e 13,513 cm" 
Vanadyl t a r t a r a t e 11,494 cm" 
The ass ignment of the bands observed a r e : 
'*A2g ^ ^T2g (F) (12,903 cm"^) 
'*A2g > ^Tlg (P) (18,348 cm"^) 
A2g "^Ig (P) (25,000 cm"^) 
{'i 
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S J 3 A P T E R - I I I 
ELECTRONIC SPECTRA OF THE COMPLEXES OF Ni ( I I ) WITH 
HYDRDXYCARBOXlfLIC ACIDS 
I n t r o d u c t i o n : 
The hexaquo and hexaraine complexes of N i c k l e ( I I ) 
Q 
ion having a (3d) configuration have been extensively 
s tud ied . ' ' The coirolexes having th i s e lect ron configu-
ra t ion have been nore thoroughly examined than any o ther 
8 group. The main poin t about d configuration i s tha t t h i s 
has dn A2g ground term having no o r b i t a l angular momentum. 
The conplexes of Ni ( I I ) normally show three spin-allowed 
3 
t r ans i t ions from A2g ground s t a t e to the th ree excited 
4 
t r i p l e t terms. A.B.P, lever studied the complexes of 
Ni ( I I ) with amines and recorded t h e i r infrared spec t ra . 
Electronic spec t ra of Ni ( I I ) corrplexes were reported by 
Dunn e t al and the cotiplexes were assigned octahedral 
5 
syninetry. Infrared spectra and e lec t ron ic spec t ra of 
Ni ( I I ) con^lexes with hydrazones have heen recorded by 
6 
Narang e t a l . Electronic spect ra of some Ni ( l i ) conplexes 
have been reported by Goldberg e t a l having octahedral 
7 8 
symmetry. Dutta e t a l have studied the e l ec t ron ic and 
infrared spect ra of Ni ( I I ) corrplexes with hydrazones. The 
ih 
e l e c t r o n i c s p e c t r a and r e f l e c t a n c e s p e c t r a of Ni ( I I ) have 
9 
been s t u d i e d by Sharma e t a l . They have observed t h r e e 
sp in -a l lowed t r a n s i t i o n s i n t h e range 7,000 - 13,000 cm (Oi) 
11,000 - 20,000 cm"^ (Oj) and 19,000 - 27,000 cm" (O3) . In 
a d d i t i o n two s p i n - f o r b i d d e n bands have a l s o been observed . 
The cor responding t r a n s i t i o n s fo r sp in-a l lowed bands a r e : 
^A2g (F) > ^A2g (P) ^1 
3A2g (P) ^ ' ^ ^ ^ ^^^ ^2 
^A2g (P) > ^Tlg (P) O3 
EXPERIM5NTAL DETAILS 
The exper imenta l p rocedu re d i scussed in c h a p t e r I I 
was adopted t o record t h e s p e c t r a of Ni ( I I ) corrplexes . The 
s a l t : a c i d : t r i e t h y l a m i n e s o l u t i o n in t h e molar r a t i o of 1:1:n 
and l : 2 : n (n = 1 ,2 ,3 ,4 ) was c l e a r green and did n o t g i v e any 
p r e c i p i t a t e a t any s t age* 
RESULTS AND DISCUSSION 
S p e c t r a of Nicicle L a c t a t e : 
The abso rp t ion spectrum of NiCl^ g ives two bands a t 
725 and 690 nm wi th i n t e i s i t y . 9 0 and-SO. In a d d i t i o n the 
/ n 
spin-forbidden band a t 675 have also be^i observed (F ig .3 .1 ) . 
'-^ hen l a c t i c acid i s added to the so lu t ion , the bands change 
the i r pos i t ions to 665 and 400 nm with i n t e n s i t y .07 and ..24 
respec t ive ly (Fig.3 ,2)» showing some complex formation. 
Addition of t r i e thyl amine in d i f fe ren t molar r a t i o s (n = 1/2*3 
and 4) in so lu t ion gives r i s e to three bands a t 380, 665 and 
735 nm ( F i g . 3 . 3 ) . The spec t ra l ctengea in going from nickle 
ch lor ide in alcohol t o nic30.e chlor ide and l a c t i c acid in 
alcohol and then to n ick le ch lor ide , l a c t i c acid and t r i e t h y l -
amine in alcohol a re c l ea r ly v i s i b l e . The bands a t 380 and 
735 nm appear only when the concentration of t r ie thylamine i s 
n = 2 and above. The i n t ^ i s i t y of the band a t 735 nm i s maxt-
raum for the molar r a t i o n = 3 of t r ie thylamine . The i n t e n s i t y 
of bands decreases when the molar r a t i o of t r ie thylamine i s 
increased to 1:1:4. Thus tr iethylamine ion ises the proton 
of carboxyl group to the maximum extent a t n = 3 . 
The absorption bands of the so lu t ion with Nickle 
Chloride and Lac t ic acid in the molar r a t i o 1:2 with varying 
molar s t r eng ths of t r iethylamine are given in ( F i g . 3 . 4 ) . The 
conplex forroation of the n i ck le l a c t a t e again takes place a t 
1:2:2 molar r a t i o and above. The i n t e n s i t y of the bands i s 
maximum a t 1:2;3 molar r a t i o as expected. Two peaks a t 390 
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and 735 nm have been observed. The band positions and their 
in tens i t i e s are given in Table 3 . 1 , 
Spectra of Nickle Salyc i la te : 
The absorption spectrum of Nickle chloride in alcohol 
gives two bands at 690 and 725 nm with intensity .90 and .80 
respectively. In addition the spin-forbidden band at 675nm 
have also he&i observed ( F i g . 3 . 1 ) . When s a l y c i l i c acid i s 
added to the solut ion, no band i s observed (F ig .3 ,5 ) . Addition 
of triethylamine in different molar ratio (n = 1,2/3 and 4) 
in solution gives r i se to ^ very weak band at 655 nm with 
intens i ty 1.5 (F ig .3 .6 ) . The spectral changes in going from 
Nickle chloride in alcohol to nickle chloride and s a l y c i l i c 
acid in alcohol and thsi to n ickle chloride, s a l y c i l i c acid 
and triethylamine in alcohol are c learly v i s i b l e . The band at 
655 nm appears only when the concoitration of triethylamine 
i s n = 2 and above. The in tens i ty of the band i s maximum 
for the molar ratio n = 3 of triethylamine showing maximum 
fbrtBation of con^lex nickle s a l y c i l a t e . Thus triethylamine 
ionises to the maximum extent the proton of the carboxyl group 
available at n = 3 . 
The abaojcpticw band of the solution with nickle 
chloride and s a l y c i l i c acid in the molar ratio 1:2 with 
Fig.3.5 
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varying molar s t r e i g t h of triethylamine are g ive in F i g . 3 . 7 . 
The complex formation of Nickle a a l y c i l a t e again takes p l a c e 
a t 1:2:2 and above. The i n t e n s i t y of the band i s maximum 
a t n = 3 . Only one peak at 670 nm has been observed. The 
i n t e n s i t y of the band i s higher-as conpared to 1:1 rat io of 
s a l t and a c i d . The band p o s i t i o n s and t h e i r i n t e n s i t i e s 
are given in Table 3 . 2 . 
Spectra of Nick le Tartarate : 
The absorption spectrum of Nickle chloride in alcohol 
g ives two bands a t 690 and 725yimwith i n t e n s i t y .90 and .80 
r e s p e c t i v e l y . In addit ion the spin-forbidden band at 675nm 
has: a l so been observed ( F i g . 3 . 1 ) when Tartaric acid i s added 
to the s o l u t i o n / the same bands with a small change in 
i n t e i s i t y have been observedCFig.3 .8) . ;s^dition of t r i e t h y l -
amine in d i f f e r e n t molar ra t io s (n = 1/2,3 and 4) in s o l u t i o n 
gives r i s e t o a new band a t 655 nm ( F i g . 3 . 9 ) . The spectra l 
changes in going from n i c k l e chloride in alcohol to n i c k l e 
chlor ide and t a r t a r i c acid in alcohol and then to n i c k l e 
ch lor ide / t a r t a r i c acid and triethylamine in alcohol are 
c l e a r l y v i s i b l e . The band a t 655 nm appears when the c o n c e j -
trat lon of tr ie thylamine i s n «= i and 2'When the concentration 
o f tr iethylamine i s increased to n «= 2 and above* the peak 
56 
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5.3 
s h i f t s i t s pos i t i on to 640 nm. The i n t e n s i t y i s maxinnuni a t 
n = 1. The conplex formation i s , therefore* conplete a t 
n = 1 in the case of t a r t a r i c acid and a l l the three protons 
of carboxyl groups have be&i ionised. 
The absorption band of the solut ion with Nickle 
chlor ide and t a r t a r i c acid in the molar r a t i o 1:2 with 
varying molar s t r eng th of tr iethylamine are given in (Pig.3.10) 
The complex formation of n ick le t a r t a r a t e again takes p lace 
a t 1:2:2 and above. The i n t a i s i t y of the band i s maximum 
a t n = 3 . Only one peak a t 650 nm has been observed. The 
band pos i t ion and i n t & i s i t i e s are given in Table 3.3> 
The values of the ligand field parameters calculated 
for the three complexes are : 
Nickle l a c t a t e 13,605 cm~^ 
Nickle a a l y c i l a t e 14,705 cm" 
Nickle t a r t a r a t e 15,267 an" 
Assignment! band a observed are: 
^A2g (F) > ^T2g (F) (13,605 cm"^) 
GO 
A2g (F) •^ T ig (F) ( 1 5 , 3 8 4 cra"^) 
'A2g (F) •^ Tig (P) ( 2 6 , 3 1 5 cm" ) 
bi 
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C H A P T E R - IV 
•SLECTPDtnC SPECTRA OF THE OOMPLSXES OF Oo ( l l ) WITH 
HYDROXYCARBOXYLIC ACIDS. 
Introduction: 
7 
Cbbalt (II) ion possesses the electronic structure Od) 
and occurs both in tetrahedral as well a3 octahedral coordina-
(1) 4 
tion. The gaseous Oo (II) ion has the ground s ta te F with 
4 
the excited state P. The splitting of energy levels for the 
quartet state of tetrahedral Oo (II) conplex/ i s shown in 
Fig.4.1. ' The transition ^Tlg > ^Tlg (P) and 
4 V, 4 
Tig r A2g/ which possesses a very small intensity, 
corresponds to a two electron jump. The double peak found 
in this case is due to spin-obit splitting of Tig (P) state. (4) Ferguson recorded the visible polarized crystal spectrum 
of the violet form of trans-Ood. ^^2°^4 "^2*^ 2^* ^^ ® elec-
tronic spectra and reflectance spectra of Oo (II) oonplexes 
with amides have been studied by Sharma et a l . Octahedral 
Oo (II) complexes have three spin-allowed d-d transitions and 
exhibit three absorption bands around 8^400/ 18,ooo and 2O/OOO 
era" due to 
^T2g < S l g (F) (^j) 
4;,2g i ^Tlg (F) i^^) 
*Tlg(pH S l g (F) (^3) 
63 
on the o the r hand, t e t r ahedra l Co ( I I ) complexes show bands 
in a lower frequency region; the highest frequency band 
being in the region of 15,000 cm" corresponding to the 
4 4 
t r ans i t i on Tig (P) < A2g. The e lec t ron ic spectra of 
Oo ( I I ) con^jlexes with diamines have be^i recorded in DMF 
so lu t ion . ^p ^Tlg 
"p 
A2g 
T2g 
4 T i g 
Fiq»4«l 
In the presen t case the band a t 535 nm i s s p l i t in to 
many components. This may be due to l i f t i n g of degeieraey of 
e lec t ron ic s t a t e involved. Al te rna t ive ly these conponents may 
be due to the presence of spin-forbidden band. The e lec t ron ic 
spectra of Co ( I I ) coitplex with AINH have been recorded by 
(8) R.C. Agarwal e t a l . Two bands have been observed and Dq 
(9) 
value has been ca lcula ted . Dutta e t al have recorded the 
e lec t ron ic spectra of Oo ( I I ) conplexes with hydrazones and 
have observed two bands. 
b ; 
Bcperimental D e t a i l s : 
The expe r imen ta l p rocedure d i scussed in chap t e r I I 
was adopted to r ecord t h e s p e c t r a of Co ( I I ) conp lexes . However, 
some p r e c i p i t a t e was formed when the molar r a t i o of s a l t r a c i d 
was 1 ;1 . The s p e c t r a were recorded a f t e r f i l t e r i n g the p r e c i -
p i t a t e . The p r e c i p i t a t e formation does n o t t ake p l a c e when 
1:2 so lu t i on was p r e p a r e d . 
RESULTS mn DISCUSSION; 
Spec t ra of c o b a l t L a c t a t e : 
The absoxpot ion s p e c t r a of Oobalt c h l o r i d e in a l coho l 
g ives t h r e e bands a t 650 , 600 (Sh) and 520 nm wi th i n t e n s i t y 
0 . 7 5 , 0 .58 and 0 . 4 0 r e s p e c t i v e l y ( F i g , 4 . 1 ) . When l a c t i c acid 
i s added to the s o l u t i o n , t h r e e pealcs a t 665, 595 and 525 nm 
wi th i n t e n s i t y 3 , 3 5 , 2.35 and 2.15 r e s p e c t i v e l y a r e observed 
( F i g . 4 . 2 ) , which shows t h a t some conplexe formation takes 
p l a c e . Addi t ion of t r i e t h y l a m i n e in d i f f e r e n t molar r a t i o 
(n s 1,2,3 and 4) i n s o l u t i o n gives r i s e to a band a t 525 nm 
which s p l i t s i n t o two components a t n = 2 and above ( F i g . 4 . 3 ) , 
I t may be due to l i f t i n g of degeneracy of e l e c t r o n i c s t a t e 
involved. A l t e r n a t i v e l y , t h e s e conponents may be due to t h e 
p resence of s p i n - f o r b i d d e n band. At n = 1 , no peak i s obserbed . 
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G.S 
The spec tra l change in going from Fig. 4 .1 to Fig, 4,3 are 
c l e a r l y v i s i b l e . The i n t e n s i t y i s maxinRim at n = 4 and two 
new peaks a t 575 and 625 nm have been observed. Thus t r i -
ethylamine i o n i s e s the proton of carboxyi group to the maxi-
mom extent a t n s 4, 
The absorption bands of the so lut ion with CDCl and 
l a c t i c acid in the nolar rat io 1x2 with varying molar s trength 
of tr ie thylamine are given in Fig. 4 . 4 . The conplex formation 
of Oobalt l a c t a t e again takes p l a c e at n = 2 molar r a t i o and 
above. The i n t e n s i t y of bands i s maximum a t n s 3 as e3a>ected, 
A s i n g l e peak a t 525 nm which i s s p l i t i n t o two con^jonents, 
has been observed. The band p o s i t i o n s and t h e i r i n t e n s i t i e s 
are given in tab le 4 . 1 . 
Spectra of Oobalt S a l y c i l a t e : 
The absorpti<»i spectrum of Cobalt ch lor ide in alcohol 
g ives three bands at 650, 600 (sh) and 520 nm with i n t e n s i t y 
. 7 5 , .58 and . 40 r e s p e c t i v e l y ( P i g . 4 . 1 ) . when s a l y c i l i c acid 
i a added to the s o l u t i o n , three bands a t the same p o s i t i o n 
with a d i f f e r e n t i n t e n s i t y are observed ( F i g . 4 . 5 ) . Addition 
of tr ie thylamine in d i f f e r e n t molar ra t io (n = 1,2 ,3 and 4) 
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TABLE - 4.2 
Band p o s l t l < 
Molar* 
r a t i o 
ons and 
( 
1 Band 
1 nm 
t h e i r 
30 ( I I ) 
i n t e n s i t i * 
w i t h 
P o s i t i o n s 
1 
1 
1 
cm 
=s for 
S a l v c i l i c 
t h e c»rn3lex 
Acid . 
I n t e n s i t y 
o f 
1:1:1 
1:1:2 
1:1:3 
520 
650 
515 
665 
515 
665 
19230 
15384 
19417 
15037 
19417 
15037 
0 . 3 0 
0 . 5 6 
1 .64 
1 .55 
1 . 5 0 
1 . 6 2 
Molar ratio is in the ozder o£ salt : acid : triethylamine. 
71 
in s o l u t i o n g ives r i s e to two bands at 515 and 665 nm ( F i g . 4 , 6 ) 
when the concentration of triethylamine i s n = 2 and above. 
The band a t 665 nm i s s p l i t i n t o three components. These 
coitponents may be due to the presence of spin-forbidden band. 
The s p e c t r a l changes in Fig. (4 .5 ) and Fig. ( 4 .6 ) as cocpared to 
Fig. ( 4 . 1 ) are c l e a r l y v i s i b l e . The i n t e n s i t y i s maxiroom a t 
n = 3 which i n d i c a t e s that the conplex formation s t a r t s at n = 2 
and coitpletes a t n = 3 . Thus triethylamine i o n i s e the proton 
of the carboxyl group to the maximum e x t ^ i t at n = 3 . The 
absorption bands o f the so lut ion with CbCl^ and s a l y c i l i c acid 
in the molar r a t i o 1:2 g ives a Mghly viscous pink colour 
s o l u t i o n . In t h i s case* only a peak at 525 nm with i n t e n s i t y 
1.62 i s observed for 1:2:1 molar r a t i o on ly . 
The band p o s i t i o n s and t h e i r i n t e n s i t i e s are given in 
Table 4 . 2 . 
Spectra of Cobalt Tartarate : 
The absorption spectrum of Cabalt ch lor ide in a lcohol 
gives three bands a t 650, 600 (sh) and 520 nm with i n t e n s i t y 
0 . 7 5 , 0 . 58 and 0 .40 r e s p e c t i v e l y ( F i g . 4 . 1 ) . When t a r t a r i c acid 
i s added to the s o l u t i o n , three peaks a t 665, 600 and 520 nm 
n o 
1.5 
400 600 
Wavelength (nm)-
Absorbance 
- 0 . 5 
0 .0 
700 
Absorbance spectra of O0CI9 
in tar tar ic acid in ^alt»boric 
medium. 
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with a reduced I n t e n s i t y are observed, i n d i c a t i n g some complex 
formation ( F i g . 4 , 7 ) . Addition of tr iethylamine in d i f f e r e n t 
inolar r a t i o <n « 1/2/3 and 4) in so lu t ion g ives r i s e to two 
bands a t 510 and 610 nn and a spin-forbidden band at 475 nm 
( F i g , 4 . 8 ) . A conparLson of Fig. ( 4 , 1 ) / F i g . ( 4 . 7 ) and Fig(4 .8) 
c l e a r l y shows the spec tra l changes taking p l a c e . The i n t e n s i t y 
i s roaxiraum a t n s 3 / ind icat ing that the conplex formation/ 
s t a r t s a t n = 2 and eonplete a t n = 3 . Thus tr iethylamine 
i o n i s e s a l l the two protons of carboxyl groups ava i lab le a t 
n = 3 . 
The absorption bands of the so lut ion wi th OoCl and 
t a r t a r i c acid in molar ra t io 1:2 are given in P i g . ( 4 . 9 ) . The 
complex Cbbalt t ar tara te again i s formed a t molar rat io 1:2:2 
and above. Two peaks a t 610 and 510 nm with a spin-forijidden 
band a t 475 nm have been observed. The band p o s i t i o n s and 
t h e i r I n t e n s i t i e s are given in Table 4 , 3 . 
Values o f the ligand f i e l d parameter ca lculated for 
the three conplexes are : 
Cbbalt l a c t a t e 16,000 cm" 
Cbbalt s a l y c i l a t e 15/037 an~^ 
Cbbalt tar tara te 16/339 on"^ 
76 
Assignment of t h e bands observed a r e : 
^Tig (p) '*Tig (F) (19,047 cm~^) 
% g . "^Tig (F) (17,391 cm"^) 
7 
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C H A P T E R - V 
ELECTRONIC SPECTRA OF THE a?MPLg?CES OF CU ( I I ) 
VCTTH HYDROXYCARBOXyLIC ACIDS. 
Introduction : 
9 
Cbpper ion has the e l e c t r o n i c configuration ( 3 d ) . The 
s tructure of the con^lex can be e i t h e r a d i s tor ted octahedral 
o r tetrahedron. The d i s t o r t e d structure i s no t due to a 
John - Te l l e r mechanism. The ground s t a t e of a cubic octahed-
2 6 3 
r a l l y coordinated Cu ( I I ) ion i s Eg (t2g) (eg)5'he o n l y exc i ted 
2 5 ' 4 2 
s t a t e should be T2g ( t2g) (eg) . The Eg s t a t e should be 
highly s u s c e p t i b l e to a John-J^eller i n s t a b i l i t y , therefore no 
~ (2) 
regular octahedral ly coordinated CU ( I I ) oonplex should e x i s t . 
The c r y s t a l s t ruc ture of Cu ( I I ) ion has beei reported by Beepers 
e l e 
(4) 
and Lipson. The c r y s t a l f i e l d i s of D symmetry and e c tron ic 
l e v e l should be as shown in F i g . 5 . 1 . Holmes and Mcdure 
studied the absorption spectrum and observed three t r a n s i t i o n s 
2 . , ' 2sg 
2g 'T^r. / 
r 
I \ 
I \ 2^g 
2Q / / 
\ \ 
\ 2-, 
\ / 
^Alg 
F ig . 5 .1 
- ^ ^Bjg 
79 
appearing in the range 10,000 cm" to 14,000 cm" . The 
e l e c t r o n i c s t ruc ture of the t e trahedra l ly coordinated Cu ( I I ) 
conplexes should be exac t ly as found for the oc taheSra l ly 
coordinated coir^lexes, except with the l e v e l order invdV'ted. 
The Dq value i s decreased by a f a c t o r of 4 / 9 . The absorp-
t ion spectrum o f copper i s d i f f i c u l t to i n t e r p r e t s s ince i t 
most ly c o n s i s t s of change-transfer bands. The absorption 
band found a t about 13,000 cm" has been i d e n t i f i e d as 
2 2 
the t rans i t ion T2g > Eg. Infrared spectra of copper 
conplexes with Amides and chloroacetates have be&i recorded 
(9) 
(8) by R.c. Paul e t a l . The re f l ec tance spectra o f copper 
conplexes with thiocynates have be^i recorded by Pate l e t al . 
and d i s tor ted octahedral symmetry has been suggested. Atomic 
spectra of copper conplexes with Amides have been recorded by 
sharma e t a l . Two absorption bands in the region 17,000 
and 19,000 cm" alongwith a charge transfer band a t 22,000 cm" 
have been observed. The conplexes have square planer symmetry. 
Electronic spectra of copper conplexes wi th AcylhySrazones have 
been recorded by Narang e t a l . Two bonds a t 600 nm and 
400 nm have been observed. 
30 
RESULTS AND DISCUSSION; 
Spec t r a of Popper L a c t a t e : 
The abso rp t ion spectrum of copper c h l o r i d e in a lcoho l 
gives a band a t 860 nm wi th i n t e n s i t y 2 .20 ( F i g . 5 , 1 ) . When 
l a c t i c acid i s added t o the s o l u t i o n / t he absorp t ion band a t 
t h e same p o s i t i o n w i t h reduced i n t e n s i t y i s observed ( F i g . 5 . 2 ) 
Addit ion of t r i e t h y l a m i n e i n d i f f e r e n t molar r a t i o (n = l /2#3 
and 4) i n s o l u t i o n g ives r i s e to a s i n g l e band a t 700 nm 
( F i g . 5 . 3 ) . The s p e c t r a l change in going from F i g . 5 . 1 to 
P i g . 5 . 3 a r e c l e a r l y v i s i b l e . The i n t ^ i s i t y of the band i s 
maxiroum a t n = 3 which i n d i c a t e s t h a t conplex formation s t a r t s 
a t n = 2 and completes a t n = 3 . The i n t e n s i t y of the bands 
dec reases as t h e c o n c e n t r a t i o n of t r i e t h y l a m i n e i s i n c r e a s e d . 
Thus t r i e t h y l a m i n e i o n i s e s t h e pro ton of carboxyl group a t 
n = 3 to the maximum e x t e n t . 
The a b s o r p t i o n band of the s o l u t i o n wi th ' Cud and 
l a c t i c acid in the molar r a t i o 1:2 wi th va ry ing c o n c e n t r a t i o n 
of t r i e t h y l a m i n e i s shown in F i g . 5 , 4 . The conplex copper 
l a c t a t e again i s formed a t 1:2:2 and above . A s i n g l e peak a t 
7oo nm has been obse rved . The band p o s i t i o n s and t h e i r i n t e n -
s i t i e s a r e given In Table 5 , 1 . 
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Spectra of copper Ta r t a ra t e : 
The absorption spectrum of copper chlor ide in alcohol 
gives a band a t 860 nm with i n t e n s i t y TL.70 t F l g . 5 . 1 ) . when 
t a r t a r i c acid i s added to the so lu t ion , the absorption band 
a t the same posi t ion but with d i f f e r en t i n t e n s i t y has been 
observed. ( F i g . 5 . 5 ) . Addition of t r iethylamine in d i f f e r en t 
molar r a t i o (n = 1#2,3 and 4) in solut ion gives a peak a t 
680 nra ( F i g . 5 , 6 ) , The spec t r a l change in going from Fig .5 ,1 
to Fig,5.5 and Pig.5.6 are c l e a r l y v i s i b l e . The band a t 
680 nm appear when the concentrat ion of tr iethylamine i s n = 2 
and above. The i n t e i s i t y i s maxirmiro a t n = 3 which ind ica tes 
tha t the conplex formation coiroletes a t n = 3 . The i n t e n s i t y 
of the band decreases as the concentration of t r ie thylamine 
i s increased fur ther . Thus t r iethylamine ionises a l l the two 
protons of carboxyl group ava i l ab le a t n = 3 . 
The absorption band of the solut ion with copper chlor ide 
and l a c t i c acid in the molar r a t i o 1:2 with varying r a t i o of 
t r iethylamine i s shown in F l g , 5 , 7 . The conplex copper t a r t a r a t e 
again i s formed a t n = 2 and above. A s ing le peak a t 670 nm 
has been observed. The i n t e n s i t y of the band i s higher than 
the molar r a t i o 1:1 . 
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88 
The band p o s i t i o n s and the i r i n t e n s i t i e s are gi.v&n in 
the Table 5 . 2 . The values o f l igand f i e ld parameter c a l c u -
l a t e d for the two con^jlexes are : 
- 1 
copper l a c t a t e 14,285 cm 
Copper t a r t a r a t e 14,705 cm~ 
The assignment of the band observed i s s 
^T2g > ^Bg (14285 cm"^) 
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